other Müllerian duct-derived female reproductive tract structures (Gray et al., 2000b (Gray et al., , 2001b . Despite repeated matings with fertile rams, adult UGKO ewes do not establish pregnancy (Gray et al., 2000a (Gray et al., , 2001b . Transfer of hatched blastocysts recovered from superovulated normal donor ewes into the uteri of UGKO ewes failed to ameliorate the pregnancy defect (Gray et al., 2001c) . Normal hatched blastocysts were found in the uterine flushings of mated UGKO ewes 6 and 9 days, but not 14 days, after mating (Gray et al., 2001b,c) . Uterine flushings taken 14 days after mating from mated UGKO ewes contained either no conceptus or a severely growthretarded conceptus that had failed to elongate from a tubular to filamentous form (Gray et al., 2001c) . Therefore, UGKO ewes exhibit a peri-implantation pregnancy defect, the timing of which correlates with most of the embryo loss that occurs during pregnancy in livestock and humans (Bazer, 1975; Kane et al., 1997) .
Implantation in ruminants is a highly co-ordinated process that involves apposition, attachment, and adhesion of the conceptus trophectoderm to the endometrial luminal epithelium (LE) (Guillomot et al., 1981; Guillomot, 1995) . In sheep, the peri-implantation period is marked by rapid elongation of the conceptus from a tubular to filamentous form on days 12-13 of gestation and the production of large amounts of interferon τ (IFN-τ), a type I interferon that is the signal for maternal recognition of pregnancy (Bazer et al., 1997) . Elongation of the conceptus is critical for developmentally regulated production of IFN-τ (Farin et al., 1989) and requires the uterus, as hatched blastocyts fail to elongate in vitro unless transferred to the uterus (Heyman et al., 1984) . Apposition of conceptus trophectoderm and endometrial LE is initiated on day 14, adhesion occurs on day 15, and firm attachment on days 16-18 of gestation (Guillomot et al., 1981) . Adhesion of conceptus trophectoderm to the LE is temporally regulated by nonadhesive and adhesive factors on the apical surface of the endometrial LE (Burghardt et al., 1997, in press; Johnson et al., 2001a) . It is hypothesized that, initially, nonadhesive factors, such as mucin 1 (Muc-1), sterically impair interactions between adhesive glycoproteins expressed on the apical surfaces of conceptus trophectoderm and LE by means of their extensive glycosylation and extended extracellular structure (Carson et al., 2000; Johnson et al., 2001a) . In sheep, immunoreactive Muc-1 expression on the LE decreases progressively between day 9 and day 17 of early pregnancy, presumably to unmask adhesive glycoproteins on the LE for interaction with the trophectoderm (Johnson et al., 2001a) . Integrins are thought to be the dominant glycoproteins that regulate trophectoderm adhesion. During the peri-implantation period in ewes, integrin subunits α v , α 4 , α 5 , β 1 , β 3 and β 5 were constitutively expressed on the conceptus trophectoderm as well as the apical surface of the endometrial LE (Johnson et al., 2001a) . During the peri-implantation period, in addition to constitutive expression of integrins, two molecules involved in cell adhesion, osteopontin (Johnson et al., 1999a (Johnson et al., ,b, 2001a and glycosylation-dependent cell adhesion molecule 1 (GlyCAM-1) (Spencer et al., 1999b) , are secreted by the endometrial GE and are thought to bind to trophectoderm and LE to stimulate elongation, adhesion and attachment of the ovine conceptus (Johnson et al., 2001a) .
The available evidence supports the hypothesis that the failure of peri-implantation conceptus survival and elongation in UGKO ewes is due to an absence of endometrial glands and, by default, their secretory products. Alternatively, the pregnancy defect in UGKO ewes could be attributed to deficient expression of adhesion molecules on the LE or inability of the endometrium to respond to conceptus signals such as IFN-τ. Two studies were conducted to test these hypotheses by determining differences in normal and UGKO ewes on: (1) distribution of Muc-1 and integrin subunit expression in the uterine LE 14 days after mating; (2) abundance of osteopontin and GlyCAM-1 in the uterine lumen 14 days after mating; and (3) endometrial expression of IFN-τ-stimulated genes in response to intrauterine administration of recombinant ovine IFN-τ.
Materials and Methods

Animals
Experimental and surgical procedures complied with the Guide for Care and Use of Agriculture Animals and were approved by the Institutional Agricultural Animal Care and Use Committee of the Texas A&M University System Agricultural Experiment Station (Animal Use Protocol 7-286).
UGKO ewes were produced as described by Spencer et al. (1999a) and Gray et al. (2000a) by implanting crossbred Rambouillet ewe lambs with a single Synchromate B® (Sanofi, Overland Park, KS) implant within 12 h of birth and every 2 weeks thereafter for a total of 8 weeks. Implants were inserted s.c. into the periscapular area and released approximately 6 mg norgestomet (17α-acetoxy-11β-methyl-19-norpreg-4-ene-3,20-dione), a potent synthetic 19-norprogestin, over 14 days (Bartol et al., 1988) . Normal control ewes did not receive implants.
Study one
Adult UGKO (n = 18) and normal ewes (n = 12) were given two i.m. injections (at 07:00 and 17:00 h) of 10 mg prostaglandin F 2α (Lutalyse, Upjohn, Kalamazoo, MI) 9 days apart to synchronize oestrus. Ewes were monitored each day for oestrous behaviour using vasectomized rams. All UGKO and some normal control ewes (n = 8) were mated at oestrus (day 0) and at 12 and 24 h after oestrus with intact rams of proven fertility. The remaining normal control ewes (n = 4) were assigned to cyclic status, and oestrus was determined using vasectomized rams.
Fourteen days after oestrus or mating, all ewes were subjected to mid-ventral laparotomy, and their uterine lumina were flushed with 20 ml sterile saline. Uterine flushes were analysed under a dissecting microscope to recover conceptuses, if any, and determine their morphology. Conceptuses were fixed in 4% paraformaldehyde in PBS (pH 7.2). Uterine flushes were clarified by centrifugation (2000 g for 30 min at 4ЊC), and aliquots were snap-frozen in liquid nitrogen and stored at -80ЊC. Several sections (1-1.5 cm) from the middle of each uterine horn were snap-frozen in Tissue-Tek OCT compound (Miles, Oneonta, NY). Several sections from the middle region of each uterine horn were also fixed in 4% paraformaldehyde in PBS (pH 7.2). After 24 h, fixed tissues were changed to 70% ethanol for 24 h and then dehydrated and embedded in Paraplast-Plus (Oxford Labware, St Louis, MO). The endometrium was physically dissected from myometrium from the remainder of each uterine horn ipsilateral to the ovary bearing the corpus luteum and then snap-frozen in liquid nitrogen and stored at -80ЊC for RNA extraction.
Study two
Fourteen days after mating, another group of UGKO ewes (n = 8) was subjected to mid-ventral laparotomy, their uterine lumina flushed with 20 ml sterile saline, and their uterine horns fitted with catheters as described by Spencer et al. (1995) . Ewes were given two i.m. injections (07:00 and 17:00 h) of 10 mg prostaglandin F 2α (Lutalyse, Upjohn, Kalamazoo, MI) to synchronize oestrus, and were monitored twice a day for oestrous behaviour using a vasectomized ram, and then assigned randomly to receive daily intra-uterine injections (at 07:00 and 19:00 h each day) of control proteins (6 mg serum proteins per day) or recombinant ovine IFN-τ (roIFN-τ; 2 ϫ 10 7 antiviral units per day) from day 11 to day 15 after mating. Recombinant oIFN-τ was produced from a synthetic gene construct in Pichia pastoris and purified as described by Van Heeke et al. (1996) . Preparation of control proteins and roIFN-τ was performed as described by Spencer et al. (1995) . Blood samples were collected on days 11-15 after mating, via jugular venepuncture into Vacutainer evacuated blood collection tubes with sodium heparin (Becton-Dickinson, Franklin Lakes, NJ), and plasma was stored at -20 Њ C. All ewes were hysterectomized 16 days after mating. At hysterectomy, portions (approximately 1.0 cm) from the middle region of each uterine horn were fixed in fresh 4% paraformaldehyde in PBS for 24 h and embedded in Paraplast-Plus (Oxford Labware). From the remainder of each uterine horn, endometrium was dissected from myometrium, frozen separately in liquid nitrogen, and stored at -80ЊC.
Histological analyses
Conceptus tissues were sectioned (5 µm) and stained with haematoxylin and eosin as described by Gray et al. (2000a) . Uteri were sectioned (5 µm) and stained with Masson's trichrome stain. This procedure stains nuclei black, cytoplasm and muscle fibres red, and extracellular matrix (ECM) components blue. For this stain, uterine sections were deparaffinized in CitraSolv (Fisher Scientific; Fairlawn, NJ) and rehydrated through a graded alcohol series to distilled water. Tissues were then incubated for 1 h at 55ЊC in Bouin's solution (71% (v/v) picric acid, 24% formaldehyde (40%), and 5% (v/v) glacial acetic acid) and rinsed in water. Slides were incubated sequentially at room temperature for 5 min each in Weigert's iron haematoxylin (50% (v/v) ethanol (95%), 4% (v/v) ferric chloride (29% aqueous), 1% (v/v) hydrochloric acid, and 1% (w/v) haematoxylin), biebrich scarlet-acid fuchsin solution (90% (v/v) biebrich scarlet (1% aqueous), 9% (v/v) acid fuchsin (1% aqueous), and 1% (v/v) glacial acetic acid), phosphomolybdic-phosphotungstic acid solution (2.5% (v/v) phosphomolybdic acid, 2.5% (w/v) phosphotungstic acid), aniline blue solution (2.5% (w/v) aniline blue, 2% (v/v) glacial acetic acid), and then in 1% glacial acetic acid (v/v) for 5 min. Slides were then dehydrated through alcohol to xylene, and coverslips fixed with Permount (Fisher Scientific, Fair Lawn, NJ). Photomicrographs of stained tissues were captured using a Zeiss Axioplan2 photomicroscope (New York, NY) fitted with a Hamamatsu chilled 3CCD colour camera (Hamamatsu, Hamamatsu City).
Western blot analyses
Uterine flushes (2 ml) from day 14 cyclic, pregnant and UGKO ewes were concentrated using Centricon-3 columns (Amicon, Beverly, MA). Protein content was determined using a Bradford protein assay (Bio-Rad, Hercules, CA) with bovine serum albumin (BSA) as the standard. Uterine flush proteins (30 µg) were denatured, separated by SDS-PAGE using 12% acrylamide gels, and transferred to nitrocellulose membranes as described by Spencer et al. (1999b) . Membranes were blocked for 1 h at room temperature with 5% (w/v) milk-TBST (20 mmol Tris l -1 (pH 7.5), 137 mmol NaCl l -1 , 0.05% (v/v) Tween 20) and then incubated with mouse anti-ovine IFN-τ (HL129; 4 µg ml -1 ) (Swann et al., 1999) , rabbit anti-human osteopontin (LF-123 and LF-124; 1 : 2500 each) (Johnson et al., 1999a) , or rabbit anti-rat GlyCAM-1 (CAM02; 1 µg ml -1 ; kindly provided by S. D. Rosen (University of California) (Singer and Rosen, 1996) in 5% milk-TBST as described by Spencer et al. (1999b) . Negative control blots were performed in which primary antibody was replaced by mouse IgG (IFN-τ), rabbit IgG (GlyCAM-1) or normal rabbit serum (osteopontin) at the same concentration used for the respective primary antibodies. After an overnight incubation at 4ЊC, membranes were washed for 30 min with TBST and then incubated with either goat anti-mouse or goat anti-rabbit IgG-horseradish peroxidase-conjugated secondary antibody (KPL, Bethesda, MD) for 1 h at room temperature. Membranes were again washed with TBST for 30 min before detection by chemiluminescence using a Super Signal West Pico kit (Pierce; Rockford, IL) and Kodak X-OMAT AR film.
Immunocytochemical analyses
Antibodies used for immunocytochemistry included rabbit anti-Muc-1 (generously provided by D. Carson, University of Delaware); rabbit anti-α v (AB1930), α 5 (AB1928), β 3 (AB1932), and β 5 (AB1926) from Chemicon (Temecula, CA); normal rabbit IgG (15006) from Sigma (St Louis, MO); and fluorescein-conjugated goat anti-rabbit IgG (65-611) from Zymed (San Francisco, CA).
Proteins were localized in frozen uterine tissue sections (8-10 µm) by immunofluorescence staining as described by Johnson et al. (2001a) . Briefly, frozen uterine tissues were sectioned (8 µm) with a Hacker-Bright OTF cryostat (Hacker Instruments, Fairfield, NJ) and mounted on Superfrost/Plus microscope slides (Fisher Scientific, Pittsburgh, PA). Frozen sections were fixed in -20ЊC methanol for 10 min, permeabilized with 0.3% (v/v) Tween-20 in 0.02 M PBS, and then blocked in antibody dilution buffer (two parts 0.02 mol PBS l -1 , 1.0% BSA, 0.3% Tween-20 (pH 8.0) and one part glycerol) containing 5% normal goat serum for 1 h at room temperature. Immunoreactive protein was then detected using a fluorescein-conjugated secondary antibody for 1 h at room temperature. Slides were overlaid with Prolong antifade mounting reagent and then coverslips were added (Molecular Probes, Eugene, OR). Representative fluorescence images of cross-sections for each antibody and for each ewe were recorded digitally.
Progesterone radioimmunoassay
Concentrations of progesterone in plasma samples were determined using an Active Progesterone Radioimmunoassay kit (Diagnostic Systems Laboratories, Webster, TX) as described by Gray et al. (2000a) . Assay sensitivity was 0.1 ng ml -1 , and the intra-assay coefficient of variation was 5%.
RNA isolation and analyses
Total cellular RNA was isolated from frozen endometrium using the Trizol reagent (Gibco-BRL, Grand Island, NY) and analysed for concentration and quality. Denatured total cellular RNA (20 µg) for each ewe was analysed by slot blot hybridization using radiolabelled antisense cRNA probes generated by transcription in vitro with [α-32 P] UTP (Amersham Pharmacia Biotech, Piscataway, NJ) as described by Spencer et al. (1995) . Plasmid templates containing cDNAs for ovine IFN-stimulated gene 17 (ISG17; kindly provided by T. Hansen, University of Wyoming), human signal transducer and activator of transcription (STAT) 1, human STAT2, ovine IFN regulatory factor one (IRF-1), and 18S rRNA (pT718S; Ambion, Austin, TX) were used to produce radiolabelled cRNA probes as described by Choi et al. (2001) . Hybridization signals were detected by exposing washed slot blots to a phosphoimager screen and visualized using a Typhoon 8600 Variable Mode Imager (Molecular Dynamics, Sunnyvale, CA).
Statistical analyses
All quantitative data were subjected to least-squares analysis of variance (LS-ANOVA) using General Linear Models procedures of the Statistical Analysis System (SAS, 1990) . Analyses of steady-state amounts of endometrial mRNA determined by slot blot hybridization included the 18S rRNA as a covariate in LS-ANOVA to correct for differences in sample loading. In all analyses, error terms used in tests of significance were identified according to the expectation of the mean squares for error (Steele and Torrie, 1980) . Data are presented as least-squares means with overall SE.
Results
Study one: conceptus morphology in uterine flushes
One to three filamentous conceptuses were present in the uterine flushes of most normal mated control ewes (n = 7 of 8) mated with an intact fertile ram. The uterine flushes of UGKO ewes contained either no conceptus (n = 5 of 12) or degenerating conceptuses (n = 7 of 12). The conceptus morphology in UGKO uterine flushes was classified as fragmented filamentous (n = 1) or degenerating tubular (n = 6).
Study one: histoarchitecture of the uterus Uteri of all control ewes exhibited extensive, normal gland development in the intercaruncular endometrium (Fig. 1a-d) . As expected, none of the UGKO ewes displayed uterine gland development characteristic of controls (Fig. 1e,f) . In UGKO ewes, uterine glands were most often either absent or sporadically distributed at very low density. In uteri from normal day 14 cyclic and pregnant ewes, caruncular areas of the endometria consisted of densely packed stromal cells and showed decreased staining for ECM components as compared with the intercaruncular areas of the endometrium. The stroma of the intercaruncular endometrium in ruminants can be divided into the stratum compactum beneath the LE, consisting of densely packed stroma, and the stratum spongiosum nearer the myometrium, consisting of less dense stroma. The stratum spongiosum of the intercaruncular endometrium of normal ewes contained many endometrial glands and showed pronounced ECM compared with the stroma in the stratum compactum zone and caruncular area. In comparison, endometrium of uteri from UGKO ewes was most similar to that of the caruncular area of the uteri of control ewes, because it lacked characteristic intercaruncular endometrium. Furthermore, the lumen of the uterus was greater in width with the caruncular areas not protruding as far into the uterine lumen, as observed in the uteri of normal ewes. The UGKO endometrium consisted primarily of dense stromal cells with very little detectable ECM except in the deep stroma on the border of the myometrium. This area in which ECM staining was detected corresponds to the area in which large numbers of blood vessels are present. Myometrial histoarchitecture did not appear different between uteri from UGKO and control ewes.
Study one: IFN-τ, osteopontin and GlyCAM-1 in uterine flushes
Filamentous conceptuses were present in most uterine flushes from normal ewes 14 days after mating (Fig. 2a) . In contrast, growth-retarded conceptuses were observed in the uterine flush of some UGKO ewes. A representative degenerating tubular conceptus found in the uterine flush of an UGKO ewe is shown (Fig. 2c) .
Immunoreactive IFN-τ was absent in uterine flushes obtained from cyclic ewes (Fig. 2b, lanes 1-4) , but detected in uterine flushes obtained from pregnant ewes (Fig. 2b,  lanes 5-8) . The amount of IFN-τ present in the uterine flushes corresponded to the number of conceptuses present in the uterine flush. The uterine flush from the ewe represented in lane 5 contained three filamentous conceptuses, whereas those in lanes 6 and 7 were from ewes with two conceptuses, and lane 8 represents a flush that contained a single conceptus. Western blot analyses of uterine flushes that contained a conceptus from UGKO ewes is presented (Fig. 2d) . Immunoreactive IFN-τ was not detected in uterine flushes from UGKO ewes containing no conceptus (lanes 1 and 2), degenerating tubular conceptuses (lanes 3 and 4), or a fragmenting filamentous conceptus (lane 6). Immunoreactive IFN-τ was within detection limits in the uterine flush of one UGKO ewe that contained a degenerating, tubular conceptus (lane 5).
Immunoreactive osteopontin was absent in uterine flushings from cyclic ewes (Fig. 3a, lanes 1-4) , but present in uterine flushings from pregnant ewes (Fig. 3a, lanes 5-8) . Several molecular mass forms (70, 45, and 25 kDa) of immunoreactive osteopontin were detected in the uterine flushings from pregnant ewes. The 45 and 25 kDa forms of osteopontin are cleavage products of the 70 kDa form (Johnson et al., 1999a) . The 70 kDa form of osteopontin was present in only one uterine flush (Fig. 3a, lane 5) , which contained three filamentous conceptuses. Immunoreactive osteopontin was not detectable in any uterine flush obtained from UGKO ewes, regardless of the presence of a degenerating conceptus (Fig. 3b, lanes 1-6) .
Immunoreactive GlyCAM-1 was detectable in two of the uterine flushes obtained from cyclic ewes (Fig. 4a, lanes 2  and 4) , but abundant in all uterine flushes obtained from pregnant ewes (Fig. 4a, lanes 5-8) . Small amounts of GlyCAM-1 were detected in uterine flushings from three UGKO ewes (Fig. 4b, lanes 1, 3 and 5) . However, the amount of GlyCAM-1 in uterine flushings from UGKO ewes was not abundant and appeared similar to that in normal cyclic ewes.
Study one: expression of Muc-1 and integrin subunits in the endometrium Immunoreactive Muc-1 was restricted to the apical surface of uterine LE and GE (Fig. 5) . Apical staining of Muc-1 was detected on the LE of all uteri and was not appreciably different in comparisons among uteri from cyclic, pregnant and UGKO ewes. Immunoreactive α v , α 4, α 5 , β 3 and β 5 integrin subunits were detected at the apical surface of uterine LE and GE of normal cyclic and pregnant ewes (Fig. 5 ) and were not affected by pregnancy status in normal ewes. Overall, the relative intensity of immunoreactive integrin subunit expression was not different in the LE of the endometrium of UGKO ewes compared with that for normal cyclic and pregnant ewes.
Study two: peripheral plasma concentrations of progesterone
Concentrations of progesterone in plasma obtained each day during the intra-uterine infusion period were not affected by treatment (day ϫ treatment, P = 0.628). Plasma progesterone concentrations remained constant throughout the uterine infusion of either control proteins or roIFN-τ.
Study two: steady-state concentrations of mRNAs encoding interferon-stimulated gene in the endometrium Results of the slot blot hybridization analyses to determine steady state levels of endometrial mRNAs are summarized (Table 1) . Infusion of roIFN-τ into the uterus of UGKO ewes increased endometrial concentrations of ISG17 (P < 0.001), STAT1 (P < 0.001), STAT2 (P < 0.001) and IRF-1 (P < 0.003) as compared with endometrium from ewes infused with control proteins.
Discussion
The results of the present study extend previous reports describing both gross and histological differences between uteri from normal and UGKO ewes, including differences in the stromal organization of the endometria of UGKO ewes (Gray et al., 2000b (Gray et al., , 2001b . The present results are the first to indicate that uteri of adult UGKO ewes, which lack an intercaruncular area consisting entirely of compact stroma, also have major differences in expression of ECM components as assessed by Masson's trichrome staining. Gray et al. (2001c) found that normal conceptuses were present in the uterine lumen of UGKO ewes on days 6 and 9, but not on day 14, after mating. Similarly, in the present study, uterine flushings of UGKO ewes contained either no conceptus or a growth-retarded conceptus on day 14 after mating. Taken together, the evidence indicates that endometrial glands and, by default, their secretions are not required for development of the conceptus to the hatched blastocyst state, but are crucial for blastocyst elongation. Normal conceptuses by day 14 after mating have developed from a tubular to an elongated filamentous form, secreted large amounts of IFN-τ, and transiently contacted the maternal epithelium in preparation for implantation (Guillomot, 1995) . In the present study, uterine flushes from UGKO ewes on day 14 after mating had either no detectable or very low amounts of IFN-τ associated with severely growth retarded conceptuses. Secretion of IFN-τ by the trophectoderm serves as a marker for conceptus health and state of development. IFN-τ is secreted by the ovine conceptus between days 8 and 21 after mating, with maximum amounts secreted on days 14-16 as the conceptus develops from a tubular to a filamentous form (Ashworth and Bazer, 1989; Farin et al., 1989) . In the present study, the uterine flush of UGKO ewes did not contain the high concentrations of immunoreactive IFN-τ characteristic of uterine flushings from normal ewes on day 14 after mating. The lack of appreciable IFN-τ in the uterine flush of UGKO ewes is correlated directly with the lack of a conceptus or the presence of a growth-retarded tubular conceptus in the uteri of UGKO ewes.
In ewes, IFN-τ acts on the endometrium to induce or increase the expression of several inteferon-stimulated genes. IFN-τ-stimulated genes include ISG17/ubiquitin crossreactive protein (Johnson et al., 1999b (Johnson et al., , 2000 , 2Ј,5Ј-oligoadenylate synthetase (OAS) (Mirando et al., 1991; Johnson et al., 2001b; Stewart et al., 2001a) , STATs 1 and 2 (Choi et al., 2001; Stewart et al., 2001a,b), and IRF-1 and -9 (Choi et al., 2001; Stewart et al., 2002) . Despite retarded conceptus development and absence of IFN-τ production by UGKO conceptuses, findings from the present study indicate that the endometrium of UGKO ewes is responsive to IFN-τ in terms of induction of or increases in expression of IFN-τ-stimulated genes. The ability of IFN-τ to stimulate increases in IFN-τ-stimulated genes in the UGKO uterus is in agreement with previous studies in normal cyclic ewes infused with IFN-τ (Spencer et al., 1999c; Johnson et al., 2000; Choi et al., 2001) . Taken together, available results indicate that the endometrium of UGKO ewes can respond properly to the pregnancy recognition signal produced by the ovine conceptus, but is unable to produce the proper secretions to stimulate conceptus development.
The process of superficial implantation in sheep involves a sequence of events, including removal of anti-adhesion molecules on the LE, expression of receptors on the LE and trophectoderm, and secretion of adhesive factors by the endometrial LE and GE (Bowen and Burghardt 2000; Johnson et al., 2001a; Burghardt et al., in press ). Muc-1 is a heavily glycosylated mucin thought to project above the apical surface of LE cells to sterically block cell-cell and cell-ECM adhesion (Wesseling et al., 1995) and, thereby, trophectoderm access to the uterine LE. In both humans and rodents, the expression pattern of glycoproteins, such as MUC-1, on the uterine LE may control the accessibility of integrin receptors to their ligands and provide a barrier to invasiveness (Carson et al., 2000) . The implantation adhesion cascade in rodents is initiated after downregulation of MUC-1 (Carson et al., 1998) . In sheep, MUC-1 is also expressed on the apical surface of the LE and is downregulated during implantation to allow interactions of integrins and their ligands (Johnson et al., 2001a) . Integrins comprise a family of intrinsic membrane proteins of noncovalently linked α and β subunit heterodimers. Integrins serve as receptors and bind ECM and other ligands to aid in cellular adhesion, reorganization of cytoskeletal molecules or signal transduction (Miyamoto et al., 1995; Burghardt et al., 1997, in press ). In sheep, integrin expression on the apical surface of the LE is constitutive (Johnson et al., 2001a) . The ovine endometrial LE and trophectoderm express integrin subunits α v , α 4 , α 5 , β 1 , β 3 and β 5 (Johnson et al., 2001a) . The present study examined expression of the glycoprotein MUC-1 and integrin subunits α v , α 5 , β 3 and β 5 by the endometrial epithelium of normal and UGKO ewes 14 days after mating. There were no differences between normal and UGKO ewes in the patterns of Muc-1 and integrin subunit expression on the endometrial LE. Previous 
